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Introduction {#anie201904546-sec-0001}
============

The terminal oxo ligand is a strong π donor that can form metal‐oxo triple bonds with early transition metals such as in V≡O^2+^ or Mo≡O^3+^.[1](#anie201904546-bib-0001){ref-type="ref"}, [2](#anie201904546-bib-0002){ref-type="ref"} When progressing to late transition metals, the occupancy of π‐antibonding metal d orbitals increases, and metal‐oxo bonds become weaker and more reactive. This culminates in the rich chemistry of iron‐oxo compounds, such as heme (P450)[3](#anie201904546-bib-0003){ref-type="ref"}, [4](#anie201904546-bib-0004){ref-type="ref"}, [5](#anie201904546-bib-0005){ref-type="ref"} and non‐heme iron enzymes[6](#anie201904546-bib-0006){ref-type="ref"}, [7](#anie201904546-bib-0007){ref-type="ref"} that inspired the development of important C−H oxidation catalysts.[8](#anie201904546-bib-0008){ref-type="ref"}, [9](#anie201904546-bib-0009){ref-type="ref"}, [10](#anie201904546-bib-0010){ref-type="ref"} In contrast, metal‐oxo complexes beyond Group 8 are rare and exist only in square‐pyramidal,[11](#anie201904546-bib-0011){ref-type="ref"} trigonal‐pyramidal,[12](#anie201904546-bib-0012){ref-type="ref"}, [13](#anie201904546-bib-0013){ref-type="ref"} and, importantly, square‐planar[14](#anie201904546-bib-0014){ref-type="ref"} coordination geometries in which electrons occupy M−O non‐bonding (or weakly π^\*^‐antibonding) d orbitals. Stabilization of metal‐oxo complexes beyond Group 8 has also been achieved by coordination of oxygen to Lewis acids.[15](#anie201904546-bib-0015){ref-type="ref"} Earlier reports of pseudo‐octahedral platinum, gold, and palladium complexes were subsequently disproved for incorrect structural assignment.[16](#anie201904546-bib-0016){ref-type="ref"}

The sudden change in the abundance of complexes between Group 8 and Group 9 has long been noted[17](#anie201904546-bib-0017){ref-type="ref"}, [18](#anie201904546-bib-0018){ref-type="ref"} and is commonly known as the oxo wall.[19](#anie201904546-bib-0019){ref-type="ref"}, [20](#anie201904546-bib-0020){ref-type="ref"}, [21](#anie201904546-bib-0021){ref-type="ref"} However, the oxo‐wall postulate does not exclude the possibility that such complexes act as reaction intermediates. Quite the contrary---the complexes behind the oxo wall (Group 9 and beyond) should be exceptionally reactive and their existence has been inferred in numerous oxidation reactions.[21](#anie201904546-bib-0021){ref-type="ref"}, [22](#anie201904546-bib-0022){ref-type="ref"}, [23](#anie201904546-bib-0023){ref-type="ref"}, [24](#anie201904546-bib-0024){ref-type="ref"}, [25](#anie201904546-bib-0025){ref-type="ref"}, [26](#anie201904546-bib-0026){ref-type="ref"}, [27](#anie201904546-bib-0027){ref-type="ref"}

The molecular orbital theory readily explains this empirically observed oxo wall. Orbital energies in tetragonal oxo complexes follow the order d~*xy*~\<d~*xz*~=d~*yz*~\<$d_{x^{2} - y^{2}}$ \<$d_{z^{2}}$ (M−O bond on the *z* axis). The d~*xz*~ and d~*yz*~ orbitals are π\*(M−O) orbitals, therefore the metal‐oxo π‐bond order drops below one when more than four d electrons are present (Figure [1](#anie201904546-fig-0001){ref-type="fig"} a), which often occurs beyond Group 8 due to the available oxidation states. Reported square‐pyramidal rhenium(I)‐oxo[28](#anie201904546-bib-0028){ref-type="ref"} and trigonal iron(III)‐oxo[29](#anie201904546-bib-0029){ref-type="ref"}, [30](#anie201904546-bib-0030){ref-type="ref"}, [31](#anie201904546-bib-0031){ref-type="ref"} complexes have more than four d electrons, but a different symmetry. The only complex that can be considered to be behind the oxo wall is a cobalt(IV)‐oxo complex reported by the Nam group.[11](#anie201904546-bib-0011){ref-type="ref"} However, this complex features full Co=O double bond because its square‐pyramidal geometry makes the $d_{x^{2} - y^{2}}$ orbital energetically accessible.[11](#anie201904546-bib-0011){ref-type="ref"} We have recently prepared and characterized gas‐phase d^5^ tetragonal iron(III)‐oxo complexes with an N4Py (*N*,*N*‐bis(2‐pyridylmethyl)‐*N*‐bis(2‐pyridyl)methylamine) ligand in quartet (Figure [1](#anie201904546-fig-0001){ref-type="fig"} b) and sextet (Figure [1](#anie201904546-fig-0001){ref-type="fig"} c) spin states.[32](#anie201904546-bib-0032){ref-type="ref"} The quartet‐state complex has a Fe=O double bond, whereas the sextet state complex retains the Fe−O π‐bond order, but the Fe−O σ bond weakens to an order of one half (Figure [1](#anie201904546-fig-0001){ref-type="fig"} c). Hence, we aimed to investigate the changes to the metal‐oxo bond upon crossing the oxo wall by replacing iron with cobalt.

![Electronic configuration of tetragonal d^5^ metal‐oxo complexes in a) doublet, b) quartet, and c) sextet states.](ANIE-58-9619-g001){#anie201904546-fig-0001}

In comparison to analogous iron(III)‐oxo complexes, the higher cobalt(IV) oxidation state induces a larger orbital splitting and thus stabilizes the low‐spin configuration (Figure [1](#anie201904546-fig-0001){ref-type="fig"} a).[33](#anie201904546-bib-0033){ref-type="ref"} Furthermore, the energy of the metal d orbitals might in fact be lower than the energy of the oxygen orbitals in cobalt‐oxo complexes and thus, cobalt(IV)‐oxo might be better described as cobalt(III)‐oxyl.[21](#anie201904546-bib-0021){ref-type="ref"} Considering the expected extreme reactivity of cobalt(IV)‐oxo, we decided to prepare these complexes in the gas phase where they could persist long enough to allow their complete characterization by ion‐spectroscopic methods and by ion--molecule reactions.[34](#anie201904546-bib-0034){ref-type="ref"}, [35](#anie201904546-bib-0035){ref-type="ref"}, [36](#anie201904546-bib-0036){ref-type="ref"}

Cryogenic gas‐phase ion spectroscopy has inherent advantages to the condensed‐phase spectroscopies. First, the ions are isolated in the vacuum and thus unaffected by interactions with other species except one helium atom with negligible effect on its properties.[35](#anie201904546-bib-0035){ref-type="ref"} Second, the ions are cooled to only a few K, therefore they are in the ground electronic and vibrational state. Third, the spectra are associated with mass‐selected ions, thus eliminating interferences normally present in solution. We can encounter and characterize isomeric ions with the same *m*/*z* ratio.[37](#anie201904546-bib-0037){ref-type="ref"}, [38](#anie201904546-bib-0038){ref-type="ref"} Such a case was not observed in this study, therefore all reported spectra as well as reactivities herein correspond to single defined species.

Results and Discussion {#anie201904546-sec-0002}
======================

High‐valent gaseous metal‐oxo complexes can be prepared from metal‐chlorate or nitrate precursors because these precursors eliminate ClO~2~ ^.^ or NO~2~ ^.^ radicals in collisional activation during the transfer to the gas phase.[39](#anie201904546-bib-0039){ref-type="ref"}, [40](#anie201904546-bib-0040){ref-type="ref"} We have thus probed this approach for \[(N4Py)Co^II^(ClO~3~)\](ClO~3~).[41](#anie201904546-bib-0041){ref-type="ref"} Electrospray ionization of an acetonitrile solution of \[(N4Py)Co^II^(ClO~3~)\](ClO~3~) afforded the desired cobalt complexes \[(N4Py)Co^II^(ClO~3~)\]^+^ (*m*/*z* 509) and \[(N4Py)Co^III^(O)\]^+^ (**1**; *m*/*z* 221; Figure S1 a in the Supporting Information). Furthermore, we electrochemically oxidized the cobalt‐chlorate complex in solution using a flow setup (Figure S2), which allowed us to prepare \[(N4Py)Co^III^(ClO~3~)\]^2+^ (*m*/*z* 254.5) and \[(N4Py)Co^IV^(O)\]^2+^ (**2**; *m*/*z* 221; Figure S1 b). Complexes \[(N4Py)Co^III^(O)\]^+^ (**1**) and \[(N4Py)Co^IV^(O)\]^2+^ (**2**) were further studied by helium‐tagging infrared and visible photodissociation (IRPD and visPD) spectroscopy,[35](#anie201904546-bib-0035){ref-type="ref"} by reactivity probing with hydrocarbons, and by theoretical calculations.

The IRPD spectrum of d^6^ cobalt(III)‐oxo complex **1** in Figure [2](#anie201904546-fig-0002){ref-type="fig"} a shows a ν(Co−O) band at 752 cm^−1^, which shifts to 718 cm^−1^ upon ^18^O labeling, consistent with the ν(Co−O) assignment. The position of this band is similar to that of analogous sextet iron(III)‐oxo complexes,[32](#anie201904546-bib-0032){ref-type="ref"} 63 cm^−1^ lower than the ν(Co−O) band in the trigonal singlet cobalt(III)‐oxo complex reported by Goetz et al.[12](#anie201904546-bib-0012){ref-type="ref"} and 18 cm^−1^ lower than the ν(Co−O) band in the quartet cobalt(IV)‐oxo complex reported by Wang et al.[11](#anie201904546-bib-0011){ref-type="ref"} The ν(Co−O) frequency thus indicates that the Co−O bond order is less than two. Furthermore, the δ(CH)~Py~ bands (highlighted in yellow in Figure [2](#anie201904546-fig-0002){ref-type="fig"} a--e) around 770 cm^−1^ are sensitive to the occupancy of the $d_{x^{2} - y^{2}}$ ^2^ orbital, as evident from the comparison of iron‐oxo complexes **3**, **3**⋅H~2~O, and **4** with different $d_{x^{2} - y^{2}}$ orbital occupancies (Figure [2](#anie201904546-fig-0002){ref-type="fig"} c--e). The positions of the δ(CH)~Py~ bands in **1** match those of the iron(III)‐oxo complexes **3** and **3⋅**H~2~O, thus indicating single occupancy of the $d_{x^{2} - y^{2}}$ orbital (in line with the density‐functional‐theory predictions, Figure S3). The presence of one electron in the $d_{x^{2} - y^{2}}$ orbital and the Co−O bond order of less than two clearly indicate that the electronic configuration of **1** is quintet.

![Infrared photodissociation spectra of complexes **1** (a), **2** (b), **3** (c), **3**⋅H~2~O (d), and **4** (e). Black and red traces correspond to ^16^O and to ^18^O isotopomers, respectively. Spectra in (c--e) are taken from Refs. [32](#anie201904546-bib-0032){ref-type="ref"} and [44](#anie201904546-bib-0044){ref-type="ref"} and are shown for comparison. Grey panels show the assigned electronic configurations. In panel (b), N\* denotes the nitrogen *trans* to the Co−O unit. The δ(CH)~Py~ bands are highlighted in yellow. Please note that the bands denoted as ν(Co−O) and δ(C−N\*) are mixed and the denoted absorption features correspond to those where the contribution of each individual component is dominant.](ANIE-58-9619-g002){#anie201904546-fig-0002}

The quintet‐state assignment is further supported by comparing the visPD spectrum of **1** (430 nm--650 nm; Figure S4 a) with time‐dependent DFT (TD‐DFT) predictions. The visPD spectrum of **1** shows only a small absorption in the lowest experimentally accessible wavelength range, indicating an electronic transition with a maximum below 430 nm. TD‐DFT predicts that the singlet and triplet states of **1** have their π\*(Co−O)→π\*(pyridine) transitions in the 500--650 nm range, and these transitions are shifted below 400 nm in ^**5**^ **1**. Therefore, the experimental visPD spectrum rules out the singlet and triplet states and thus suggests that **1** is formed as a quintet. Multireference RASPT2 and MCPDFT calculations corroborate this spin‐state assignment with the quintet state being at least 15 kcal mol^−1^ more stable than the triplet and singlet states in all calculations (see the Supporting Information). The dominant RASPT2 configuration (83 %) is (d~*xy*~)^2^(d~*xz*~)^1^(d~*yz*~)^1^ $\left( d_{z^{2}} \right)^{1}$ $\left( d_{x^{2} - y^{2}} \right)^{1}$ in which d~*xz*~/d~*yz*~ are π\*(Co−O) orbitals, $d_{z^{2}}$ is the σ\*(Co−O) orbital, and $d_{x^{2} - y^{2}}$ is the σ\*(Co‐ligand) orbital (Figure S5, left panel). In conclusion, IRPD and visPD spectra and theoretical calculations jointly suggest the quintet spin state of **1**.

Subsequently, we characterized the cobalt(IV)‐oxo complex **2**. We have identified the Co−O vibration in the IR range below 660 cm^−1^. The ^18^O labeling did not only affect one band, but two: the bands at 659 cm^−1^ and 637 cm^−1^ shifted to 648 and 623 cm^−1^. This suggests a coupling between two vibrational modes similar to what was observed in some iron‐oxo complexes.[42](#anie201904546-bib-0042){ref-type="ref"} Here, it affects the coupling between the ν(Co−O) vibration and δ(C−N\*) ligand vibration (Figure S6; N\* denotes the nitrogen *trans* to the Co−O unit). The uncoupled δ(C−N\*) band should be at about 644 cm^−1^, as found for the analogous iron complex **4** (see Figure [2](#anie201904546-fig-0002){ref-type="fig"} e). The coupled band with a dominant δ(C−N\*) contribution is at 637 cm^−1^ and shifts to 648 cm^−1^ upon the labeling. The band with the dominant ν(Co−O) contribution is at 659 cm^−1^ and shifts to 623 cm^−1^. Hence, the uncoupled Co−O stretching frequency would be expected between 659 cm^−1^ and 636 cm^−1^. This value implies that complex **2** features an exceptionally weak Co−O bond.

The ligand bands in the IRPD spectrum of **2** resemble those in the spectrum of iron(IV)‐oxo complex **4** (see Figure [2](#anie201904546-fig-0002){ref-type="fig"} b, e). The δ(CH)~Py~ bands are found around 775 cm^−1^ in **2**, similarly as in **4**, thus indicating that the $d_{x^{2} - y^{2}}$ orbital is unoccupied, which is compatible only with a doublet state in **2**. Furthermore, the IRPD spectrum excludes the possibility of ligand oxidation and/or de‐coordination of pyridine ligand arms. Such structural modifications would result in new ligand bands in the IR spectrum (Figure S7) compared with the spectrum of **4**, which was not observed. We tried to further support the doublet spin‐state assignment of **2** by visPD spectroscopy. However, the doublet and quartet states of **2** have rather similar theoretical TD‐DFT spectra showing weak π\*(Co−O)→σ\*(Co‐ligand) transitions at 550 and 520 nm, respectively. The quintet state has an intense d~*xy*~(Co)→π\*(py) transition with a maximum at 420 nm. The visPD spectrum of **2** shows a peak with a shoulder at 490 nm that seems to grow in intensity, but the poor signal‐to‐noise ratio did not allow us to assign any particular spin state. Therefore, we turned to multireference calculations to corroborate the doublet state and to explain the very weak Co−O bond.

RASPT2 and MCPDFT calculations predict the ground state of **2** as doublet, with the quartet state being 3.3 (RASPT2) and 12.8 kcal mol^−1^ (MCPDFT) higher in energy (Table S1). The sextet state is more than 16 kcal mol^−1^ higher in energy in all calculations and is thus not further analyzed. Analysis of the RASPT2 wavefunctions of **2** in different multiplicities helps to explain the weak Co−O bond and to discard the quartet state of **2** as the ground state. The dominant configuration (80 %) in the quartet state of **2** in these calculations is similar to the configuration of iron(III)‐oxo complex **3**, that is, (d~*xy*~)^2^(d~*xz*~)^1^(d~*yz*~)^1^ $\left( d_{x^{2} - y^{2}} \right)^{1}$ $\left( d_{z^{2}} \right)^{0}$ , wherein d~*xz*~/d~*yz*~ are the π\*(Co−O) orbitals, $d_{x^{2} - y^{2}}$ is the σ\*(Co‐ligand) orbital, and $d_{z^{2}}$ is the σ\*(Co−O) orbital. Thus, the Co−O bond strength in the quartet state of **2** should be similar to that in **3**. However, the Co−O stretching frequency in **2** is almost 200 cm^−1^ lower than that of **3** (ν(Fe−O)=851 cm^−1^).[32](#anie201904546-bib-0032){ref-type="ref"} Thus, the low Co−O bond strength is inconsistent with the electronic configuration of the quartet state of **2**.

The doublet‐state configuration of **2** is unlike any configuration observed in iron‐oxo complexes thus far, because the cobalt d orbitals lie lower in energy than the oxygen p orbitals (Figure S5). The bonding π(Co−O) orbitals are now dominantly Co‐based d orbitals, while the antibonding π\*(Co−O) orbitals are O‐based p orbitals. Therefore, the frontier molecular orbitals are no longer cobalt‐based but instead oxygen‐based, with the electronic configuration being (d~*xy*~)^2^(p~*x*~(O))^2^(p~*y*~(O))^1^ $\left( d_{z^{2}} \right)^{0}$ $\left( d_{x^{2} - y^{2}} \right)^{0}$ . Thus, the bonding situation in the doublet complex **2** is best formulated as the Co^III^ center bound to the oxyl group (O^.−^) with the unpaired electron in a p orbital perpendicular to the Co−O axis. This cobalt(III)‐oxyl bonding with a shallow Co−O potential (Figure S9) is consistent with the low experimentally observed ν(Co−O) stretching frequency. Markedly, the frequency of the ν(Co−O) vibration in **2** is even lower than in the \[(L)CuO\]^+^ complexes (L=CH~3~CN, phen, 1,10‐phenanthrenequinone), where the metal‐oxo bonding varies between copper(I)‐oxygen (Cu^I^O^..^) and copper(II)‐oxyl (Cu^II^O^−.^) configurations, depending on the ligand.[43](#anie201904546-bib-0043){ref-type="ref"} This showcases the highly destabilizing effect of the tetragonal environment on the metal‐oxo bonding in **2**. In conclusion, the low‐frequency ν(Co−O) vibration, the characteristic ligand vibrations, and the multireference calculations indicate that the ground spin state of **2** is doublet. We note that while all experimental and theoretical results are consistent and indicate the same spin assignments, none of the experimental results shows the spin state of the investigated complexes directly. Therefore, corroborating measurements such as EPR spectroscopy would be desirable once it is possible to prepare these complexes in the condensed phase.

To probe the chemical reactivity of **1** and **2**, we measured their gas‐phase reactivity (details in the Supporting Information). We tested their reactivity with 1,4‐cyclohexadiene, which reacts with iron(IV)‐oxo complexes by hydrogen atom transfer (HAT) or hydride transfer,[38](#anie201904546-bib-0038){ref-type="ref"}, [44](#anie201904546-bib-0044){ref-type="ref"} and with ethanethiol, which reacts with iron(III)‐oxo complexes by proton‐coupled electron transfer (PCET).[32](#anie201904546-bib-0032){ref-type="ref"}

Surprisingly, complex **1** was completely unreactive towards both 1,4‐cyclohexadiene and ethanethiol. This suggests that the occupancy of the $d_{z^{2}}$ orbital prohibits the low‐energy σ pathway for HAT typically observed for iron(IV)‐oxo complexes.[45](#anie201904546-bib-0045){ref-type="ref"}, [46](#anie201904546-bib-0046){ref-type="ref"} In iron(IV)‐oxo complexes, the incoming electron from the hydrogen atom goes into the unoccupied $d_{z^{2}}$ orbital and forms a high‐spin sextet transition state with oxyl radical character. On the contrary, an electron incoming to **1** would have to go into an already occupied orbital, which is energetically less favored. Furthermore, the lack of PCET reactivity with ethanethiol implies that the basicity of cobalt(III)‐oxo complex **1** is lower than that of **3** and of all other gaseous iron(III)‐oxo complexes reported in Ref. [32](#anie201904546-bib-0032){ref-type="ref"}.

Conversely, complex **2** reacts with 1,4‐cyclohexadiene very efficiently via HAT (Figure [3](#anie201904546-fig-0003){ref-type="fig"} a). Using partially deuterated 1,4‐cyclohexadiene‐1,2,3,4,5,6‐d~6~,[38](#anie201904546-bib-0038){ref-type="ref"} we determined the intramolecular kinetic isotope effect (KIE) of the HAT reaction to be 2.1±0.1, which falls below the KIEs observed in iron(IV)‐oxo complexes.[44](#anie201904546-bib-0044){ref-type="ref"} The measured KIE is in fact in the range observed in HAT reactions mediated by highly reactive small model metal‐oxo cations.[47](#anie201904546-bib-0047){ref-type="ref"} Consistently, we found that **2** is also capable of hydrogen‐atom abstraction from a non‐activated alkane, in this case cyclohexane (Figure [3](#anie201904546-fig-0003){ref-type="fig"} c, d, C−H bond dissociation energy: 99.5 kcal mol^−1^  [48](#anie201904546-bib-0048){ref-type="ref"}). Activation of strong secondary C−H bonds in a single collision experiment in the gas phase has only been reported for bare metal or metal‐oxo ions, or for coordinatively unsaturated, highly reactive species such as \[(phen)Cu(O)\]^+^ so far, because the reaction must be barrierless with respect to the separated reactants to occur.[49](#anie201904546-bib-0049){ref-type="ref"}, [50](#anie201904546-bib-0050){ref-type="ref"}, [51](#anie201904546-bib-0051){ref-type="ref"} Even high‐valent non‐heme iron(IV)‐oxo and iron(V)‐oxo complexes, readily reactive towards these C−H bonds in solution, are unreactive in the gas phase. We have also probed the activation of a primary C−H bond in ethane, which was not observed (*k* ~rel~(ethane/cyclohexane)\<0.02), and the reaction with water,[40](#anie201904546-bib-0040){ref-type="ref"} which did not occur either. In conclusion, complex **2** is a strong hydrogen‐atom abstractor capable to react with non‐activated secondary C−H bonds.

![Gas‐phase reactivity of **2** (*p=*0.2 mTorr) with a) 1,4‐cyclohexadiene, b) 1,4‐cyclohexadiene‐1,2,3,4,5,6‐d~6~, c) cyclohexane and d) cyclohexane‐d~12~. Corresponding neutral products are given in parentheses. Reactions were measured at nominally zero‐collision energy determined from the retarding potential analysis (Figure S10). The peak at *m*/*z*=221.5 in (d) denoted with an asterisk results from reactions with impurities in the collision cell. With cyclohexane, we observed a subsequent addition of mass 144 from an unidentified impurity to the HAT reaction products, which could not be eliminated.](ANIE-58-9619-g003){#anie201904546-fig-0003}

To corroborate the exceptionally high reactivity of **2**, we performed exploratory DFT calculations of the HAT reaction between **2** and the secondary C−H group of propane, a model of a cyclohexane methylene group. The DFT calculations showed that the reaction occurs entirely on the doublet potential energy surface (Figure [4](#anie201904546-fig-0004){ref-type="fig"}). The reaction proceeds with a π\*‐approach trajectory enforced by the π\*‐oxyl radical in ^**2**^ **2** (α(Co‐O‐H)=117°) and has a small energy barrier (0.4 kcal mol^−1^) with respect to the reactant complex. The reaction pathway resembles a C−H activation by a free methoxy radical and thus corresponds to a direct abstraction of the hydrogen atom by the oxyl radical (Figure [4](#anie201904546-fig-0004){ref-type="fig"} b).[52](#anie201904546-bib-0052){ref-type="ref"} The reaction pathway is in contrast with the reactivity of iron(IV)‐oxo compounds in which the oxyl radical only develops upon Fe=O bond elongation during the substrate approach.[53](#anie201904546-bib-0053){ref-type="ref"}, [54](#anie201904546-bib-0054){ref-type="ref"}

![a) B3LYP‐D3/6‐311+G\*\* potential energy profile for the reaction of **2** with the secondary hydrogen of propane. b) Schematic representation of the molecular orbitals involved in the HAT reaction of propane with the methoxy radical (left) and ^**2**^ **2** (right; ligand hydrogens have been omitted for clarity). The Kohn--Sham orbitals correspond to the α(HOMO) and β(HOMO−1) orbitals at the transition states (see also Figure S8).](ANIE-58-9619-g004){#anie201904546-fig-0004}

Conclusion {#anie201904546-sec-0003}
==========

In summary, we reported the generation and characterization of terminal cobalt(III)‐oxo (**1**) and cobalt(IV)‐oxo (**2**) complexes in pseudo‐tetragonal geometry with the N4Py ligand. Both these tetragonal Group‐9 complexes feature more than five d electrons and can thus be considered to be behind the oxo wall. Contrary to our initial expectations, complex **1** has a cobalt‐oxo bond of similar strength to sextet iron(III)‐oxo complexes (ν(Co−O)=752 cm^−1^) and is unreactive towards C−H and S−H bonds. Conversely, complex **2** features a very weak cobalt‐oxyl bond (ν(Co−O)≤659 cm^−1^) and abstracts a hydrogen atom from cyclohexane. Such a reactivity has only been previously reported for coordinatively unsaturated gaseous metal‐oxo model complexes undetected in solution. However, coordinatively saturated complexes, such as **2**, could potentially be prepared in the condensed phase,[55](#anie201904546-bib-0055){ref-type="ref"} which would also enable their definitive characterization. Therefore, they are promising targets for developing highly active C−H oxidation catalysts.
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